The present study explored the differences among the process times for sentences containing one of the three kinds of linguistic ambiguities namely, lexical, grouping, and functional ambiguities. A reaction time program of a 30-item multiple-choice test of translation was developed. Forty-three Persian undergraduate students took the test. The reaction time of each item was recorded in milliseconds for each participant. A multivariate ANOVA (MANOVA) was run to compare the process times for each subsection of the test. The results of the pair-wise comparison tests indicated that there was a significant difference between process times for lexical and grouping ambiguities and between those of lexical and functional ambiguities. There was no significant difference, however, between the process times for grouping and functional ambiguities. The findings of this study can be useful in educating English learners about ambiguities and deciding on which ambiguity should be under more focus and attention.
Introduction
Ambiguity is a general term to describe words, phrases, or sentences with more than one meaning (Fromkin, Rodman, & Hyams, 2013) . Linguistic ambiguity falls into some categories the two most important of which, according to Hudson (1999) , are lexical ambiguity and structural ambiguity, with the latter one falling into two categories: Grouping ambiguity and functional ambiguity. Akmajian, Demers, Farmer, and Harnish (2001) define lexical ambiguity as a situation when a word can have more than one meaning. For example, in "he picked up a date" the word "date" can be a fruit or a significant day. According to Hudson (1999) , grouping ambiguity is a subcategory of structural ambiguity in which a sentence has more than one meaning due to different groupings of the constituents. For instance, in the phrase, "the brother of Ann and Sarah will go to the party", even though each word is unambiguous by itself, the whole meaning of the sentence seems to be ambiguous, as we cannot be sure whether the brother of Ann and Sarah as a single person is going to the party or if the brother of Ann as well as Sarah are going to the party. In such cases, it is possible to draw a different tree diagram for each different grouping. Furthermore, Hudson defines functional ambiguity as the other subcategory of structural ambiguity arising when some constituents of the sentence can have different functions, and these different functions cause different meanings. Take as an example, "John is too far away to see". In this sentence, John can be either the subject or the object of the sentence, giving rise to two different meanings. In such cases, it is not possible to draw more than one tree diagram. According to MacKay (1996) , the sentences containing an ambiguous word are processed slower than unambiguous sentences. There have been some studies probing the ambiguity processing patterns using different experimental tasks such as click detection (Garrett, Bever, & Fodor, 1966) , self-paced listening (Waters & Caplan, 2004) , eye tracking (Kamide, Altmann, & Haywood, 2003) , moving window self-paced reading (Just, Carpenter, & Woolley, 1982) , and maze tasks (Forster, Guerrera, & Elliot, 2009 ). There seems to be a gap in the literature, however, regarding the use of one of these tasks to explore the differences among the processing times for sentences containing one of the three different kinds of the above-mentioned ambiguities. Accordingly, the current study utilized a reaction time program, a multiple choice test of translation recording the reaction time on each item, to investigate the differences between the three mentioned kinds of ambiguities namely, lexical, grouping, and functional ambiguities, in terms of the time needed to process a sentence containing one of them.
Literature Review
Processing research is very common in the second language acquisition research. There have been studies concerning aspects of second language that were exposed to research. For example, Salehi (2011a) investigated whether the processing of pied-piping and preposition stranding is a function of a proficiency level of learners. In addition, Salehi and Bagheri (2014) investigated the effect of the response format on grammaticality judgment. Processing ambiguous sentences is another promising area for research.
Ambiguity is an inevitable phenomenon in language that can be considered a functional property of language allowing more efficiency in communication (Piantadosi, Tily, & Gibson, 2012) . At the same time, ambiguity could be a source of difficulty in processing sentences by readers specifically for those reading these kinds of sentences in a language other than their first one. Moreover, it could cause miscommunication especially between native and non-native speakers of a language. Another ambiguity-related problem worth mentioning is that of interpreting a grammatical sentence as ungrammatical due to grouping ambiguity in the so called garden-path sentences (Altmann, 1998) . As MacKay (1996) puts it, sentences containing an ambiguous word are processed slower than unambiguous sentences. This is true about other kinds of ambiguities such as grouping and functional ambiguities as well. MacKay and Gass (2005) consider the reaction time study as a subcategory of processing research and that measuring the time needed for a sentence to be processed or to be responded to, usually in milliseconds, is based on the assumption that sentences with more complex syntax and specifically containing ambiguities, require more processing time and that "the more time it takes to respond to a sentence, the more processing "energy" is required" (p. 62). It can therefore be stated that the processing difficulty that linguistic ambiguities can cause is generally measured based on the processing time of the sentence containing that kind of ambiguity. What follows is a brief review of the studies attempting to measure the processing load of sentences containing different linguistic ambiguities.
Lexical ambiguity has been the focus of most of the linguistic ambiguityrelated researches. For instance, Simpson (1981) investigated the processing of ambiguous words via two experiments. In the first experiment, lexical decisions were made to words related to the dominant or the subordinate meanings of homograph primes. In the second experiment, however, ambiguous words ended sentences varying in the degree to which they biased the dominant or subordinate meaning of the homograph. After ambiguous sentences, dominant meanings were retrieved first. According to the findings of this study, dominance and context make independent contributions to the processing of ambiguous words. Seidenberg, Tanenhaus, Leiman, and Bienkowski (1982) conducted five experiments on the processing of ambiguous words in sentences, with two categories of ambiguous words (noun-noun and noun-verb) and two types of contexts (priming and nonpriming). They found that the participants consistently accessed multiple meanings of words and selected one reading within 200 msec. The results of their study suggest that meaning access is an automatic process unaffected by knowledge-based processing, and that selective or multiple access of the meaning observed largely depends on the structure of the ambiguous words, not the nature of the context. Moreover, Duffy, Morris, and Rayner (1988) recorded the eye movements of the readers, as they were reading sentences that contained lexical ambiguous or unambiguous words. The words with lexical ambiguity fell into two categories, namely ambiguous words with two equally likely interpretations (equibiased words) or with highly dominant interpretation (non-equibiased words). The results of their study indicate that gaze duration on the target word and reading times on the later parts of the sentences depend on the type of the target word that is ambiguous , namely equibiased or non-equibiased, and the location of the disambiguating clause. Their findings affirm that more than one meaning of an ambiguous word is automatically activated. The degree of this activation, however, is influenced by frequency and context. Furthermore, Papadopoulou (2005) , in a review of the studies regarding ambiguity resolution strategies used during processing a second language, suggested that most of the research findings indicated that even advanced learners of a second language were slower readers than the native speakers and that they used processing strategies far from those appropriate for processing language input. Furthermore, L2 learners, despite their sensitivity to lexical cues while processing the input, were less likely to apply structural information on line. According to this review, however, the transfer of processing mechanisms from L1 to L2 as well as the effect of L2 exposure on adopting second language processing routines needed more investigation.
Another study conducted by Sheridan and Reigngold (2012) investigated the time course of ambiguity processing by examining the distributional analyses of first-fixation durations on 60 biased homographs each read twice, once in a subordinate-instantiating context and another time in a dominantinstantiating context. Their results revealed that the contextual manipulation had a fast-acting influence on most of the fixation durations. Tokowicz (2014) considered lexical ambiguity and part-of-speech ambiguity as a source of translation ambiguity that is the situation when a word in one language can be translated into more than one word in a target language. Translation ambiguity, according to her, affects language processing, learning, and representation. Tokowicz and Kroll (2007) examined the effect of translation ambiguity on translation production through a task in which the participants were presented a word in one language and were required to translate it into a target language. Having investigated both the accuracy of responding and the time it took in milliseconds as the token of processing difficulty, they found out that ambiguous words were processed more slowly and less accurately in comparison to the unambiguous words.
In another study, Eddington and Tokowicz (2013) focused on the effect of the context, in the form of a prime word, on the processing of two different types of ambiguous words by English-German bilinguals: Form-ambiguous words and meaning-ambiguous words. The former ambiguity is due to nearsynonymy, while the latter is due to multiple meanings. They found that related primes reduced the processing speed of the ambiguous words, but did not eliminate the translation ambiguity disadvantage. Furthermore, they found priming only for meaning-ambiguous words.
Another study conducted by Laxen and Lavaur (2010) also examined the translation ambiguity disadvantage in the translation recognition tasks with French-English bilinguals to show that, in line with Tokowicz and Kroll's (2007) findings, ambiguous words had longer reaction times than unambiguous words. This proves that the translation ambiguity disadvantage is not limited to the production tasks. Similarly, through examining the role of translation ambiguity through a translation recognition task completed by highly proficient Spanish-Catalan and Catalan-Spanish bilinguals, Boada, Sánchez-Casas, Gavilán, García-Albea, and Tokowicz (2013) found a disadvantage for translation-ambiguous words.
As mentioned earlier, translation ambiguity is believed to affect language learning especially in its initial stages. Degani and Tokowicz (2010) , in an attempt to address this very issue, taught a set of Dutch words to English speakers who had no prior knowledge of Dutch. Some of these words were ambiguous, half of which form-ambiguous, and the other half meaningambiguous. They found that ambiguous words were translated less accurately than the unambiguous words and that the translation-ambiguity disadvantage was larger for the form-ambiguous words.
Moreover, Snedeker and Yuan (2008) explored how adults and children combined information about the prosodic structure of an utterance and information from individual words to interpret sentences with structural ambiguities. They tested four to six -year-old children and adults using the visual world paradigm; and with the finding, that the fixation patterns in both groups were affected by lexical cues by around 200 ms, with the prosody manipulation affecting this early time window in adults, while this effect was delayed around 500 ms in children. They reported that the effects of lexical and prosodic cues were almost additive. This means that prosody affects the interpretation of utterances with strong lexical cues and lexical information affects utterances with strong prosodic cues. In general, children, as well as adults, can use both information sources to resolve structural ambiguities.
In a study conducted by Kail, Lemaire, and Lecacheur (2012) , French youngsters and adults were asked to detect grammatical ambiguities in sentences as fast as they could, while their detection times were recorded for the analysis as a function of age and sentence characteristics such as ambiguity type and position. As a result, these researchers claimed that using linguistic cues in the online process was somehow independent of the age, but loss of cognitive resources with age showed a cost of using cues and more use of the context.
Moreover, Joseph and Liversedge (2013) conducted two experiments in which children and adults read sentences with a temporary syntactic ambiguity; their eye movements were monitored during this task. The first experiment involved participants reading sentences with a manipulated attachment of a prepositional phrase. The second experiment, on the other hand, involved participants reading sentences with a manipulated attachment of an adverbial phrase. As a result, these researches reported that the adults and children showed similar processing preferences; however, children had delay in detection of initial syntactic misanalysis compared to adults. The overall conclusion of this study was that children and adults shared the same sentenceparsing mechanism, although with a slightly different time course of operation.
Furthermore, in a study conducted by N. Witzel, Witzel, and Forster (2012) , four different methods of examining online sentence processing during reading, namely self-paced, non-cumulative, moving window reading, eye tracking, and two kinds of maze task -lexicality and grammaticality mazewere compared in the processing sentences with structural ambiguities. Despite some overlap in the general results, obvious differences were observed among these methods in terms of the strength of timing of the observed effects. Particularly, the maze tasks both provided robust, "localized" indications of incremental sentence processing difficulty compared to self-paced reading and eye tracking except for sentences tapping into clause-closure commitments.
There has been, however, no study stating which one of these ambiguities makes processing the most difficult, or in more general terms, if there is any significant difference between the processing problems these different kinds of ambiguities can cause, especially for L2 learners. Accordingly, this study tried to investigate the significance of the differences among three mentioned types of ambiguities in terms of the time needed to process the sentences containing them in a multiple-choice translation task. More precisely, this study was an attempt to answer the following research question:
Is there any significant difference among the process times for sentences containing lexical, grouping, or functional ambiguities in terms of processing time?
Methodology

Participants
Due to the infeasibility of random selection of the participants, the researchers employed a convenience sampling. Three intact classes with the total number of fifty-nine undergraduate EFL learners from different engineering and science majors at Sharif University of Technology participated in this study. Their proficiency level was almost the same based on their midterm and final exam test results implying that there were no outliers with quite high or quite low proficiency levels compared to peers. The recorded times for the 16 participants included outliers of two types: Firstly, some recorded times were less than 4 seconds, which seemed quite unnatural, as just reading the item and the options without any processing would take more time. Secondly, during the test some participants asked questions about how to do the task properly while their process times were recorded. Therefore, some process times seemed unnaturally big, that is more than 90 seconds. Accordingly, the recorded times of more than 90 seconds and less than 4 seconds were considered outliers. This threshold was intuitively adopted by the researchers based on the test items and their levels of difficulty. The recorded times for these 16 subjects, therefore, were eliminated from the data and the recorded times for the remaining 43 subjects were analyzed. It should also be noted that two participants were randomly selected to participate in the retrospection protocol through which the researchers aimed to probe the underlying processes participants went through while completing the task.
Instruments
The main instrument of the current study was the reaction time program of a multiple choice test of translation developed to record the process time of each item in milliseconds. There were 30 items (see the Appendix) with 3 subsections each of which consisted of 10 English sentences with one of the three different kinds of linguistic ambiguity. To put it more precisely, there were 10 items with lexical ambiguity, 10 items with grouping ambiguity, and 10 more items with functional ambiguity. The items were presented in a random order which was the same for all the participants. Each item was accompanied by three options: The first two options were two different Persian translations of the ambiguous sentence and the third option implied that both translations were acceptable. It is worth mentioning that half of the items were context-embedded so that just one of the given translations would be acceptable, while the other half were context-reduced giving rise to more difficulty in processing and deciding between the two translations making the third choice the acceptable one. The reaction time instrument of interest was programmed in Java, and was installed on some 20 PCs. Each item would appear on the screen and the time interval between the appearance of that item and the next item, which happened after an option that was selected by the participant, was recorded in milliseconds. It was not possible for the participants to go back to the previous items or change their selected options.
Data Collection Procedure
Three intact classes based on available sampling took the test. Prior to the test, oral instructions were given to the participants in Persian, their mother tongue. The participants were required to simply start the program and work on the test. The first item would remain on the screen until the participant clicked on one of the three options. The time interval between the appearance of each item and the moment one option was clicked on would be registered by the program in milliseconds in a separate file on each subject's PC. This procedure would recur until the participant went through all 30 items of the test. The participants were not able to go back to previous items to make any changes. The researchers would then collect the data files for later quantitative analyses of the recorded times. Using protocols shed more lights on the thought processes of the learners (see Salehi, 2011b; Salehi & Bagheri, 2013) . Through the retrospection protocol, each of the two randomly selected participants would revisit the items and their own selected options and elaborate on the reasons why they had selected that specific option and not the others. Their voices were recorded for further qualitative analyses of the thought processes they had gone through while taking the test.
Results
A multivariate ANOVA (MANOVA) was run to compare the Persian EFL learners' process times for sentences containing lexical, grouping, or functional ambiguities. It should be mentioned that the assumption of sphericity (equality of the variances of differences between tests) was met (Mauchly's W = .977, p > .05) ( Table 1 ). There was no need to modify the degrees of freedom. Based on the results displayed in Table 2 (F (2, 84) = 11.46, p < .05, Partial η 2 = .21 representing a large effect size), it can be concluded that there were significant differences between Persian EFL learners' process times for sentences containing lexical, grouping, or functional ambiguities. Thus the null-hypothesis was rejected. Note. If the assumption of sphericity was not met, any of the Greenhouse-Geisser, Huynh-Feldt or lower bound would be reported.
As displayed in Table 3 , the subjects needed the least time to process lexical ambiguity (M = 183537.60). This was followed by grouping ambiguity (M = 207296.93) and the most difficult one, functional ambiguity (M = 211055.90). Although the F-value of 11.46 (Table 2 ) indicated significant differences between the processing times needed for three types of ambiguity, the pairwise comparison tests had to be run to compare the processes two by two. Based on the results displayed in Table 4 .4, it can be concluded that:
a. There was a significant difference between times needed for lexical (M = 183537.60) and grouping ambiguity (M = 207296.93) (MD = 23759.32, p < .05). The subjects significantly needed more time to process grouping ambiguity. b. There was a significant difference between times needed for lexical (M = 183537.60) and functional ambiguity (M = 211055.907) (MD = 27518.30, p < .05). The subjects significantly needed more time to process functional ambiguity. 
Discussion and Conclusion
Based on the descriptive analysis of the data, lexical ambiguity turned out to need the least amount of processing time followed by grouping and functional ambiguities, respectively. In other words, lexical ambiguity was the easiest type of ambiguity to be processed, while functional ambiguity was the most difficult one. However, the difference between grouping and functional ambiguity was not significant which can be due to the fact that grouping ambiguity and functional ambiguity are two different types of structural ambiguity. Accordingly, the only plausible claim would be to imply that lexical ambiguity takes less processing time compared with structural ambiguity. This is what one may intuitively hypothesize to be the case. In the case of lexical ambiguity, participants simply have to deal with two meanings of one word one of which in many cases is quite dominant in terms of frequency of use. In the context-embedded instances, this is even more straightforward, because despite the frequency of use, the context leads participants to activate only one meaning of a potentially ambiguous word. In the case of structural ambiguity, on the other hand, participants have to deal with two different structures each giving rise to one potential meaning, which seems to be a more demanding task. This was quite obvious in the retrospection protocol, as the two selected participants did not seem to have much difficulty in coming up with the correct option in case of the lexically ambiguous sentences, while they put more time into making sense of the structurally ambiguous sentences.
One interesting point about the thought processes of the two participants taking part in the retrospection protocol was that both of them selected the options that would seem more plausible and realistic. Even in context-reduced examples where the two given translations would be acceptable, they claimed that one of the translations, which was quite odd and unlikely to be the correct one. This might have to do with the fact that the more frequent and realistic the meaning is, the more automatically it is activated.
The focus of this study was mainly on the recorded times for each participant. Further research could dig into the options selected by each participant and have more participants take part in the retrospection protocol. This would certainly enrich the results and explain why this difference exists between lexical and structural ambiguities.
One of the limitations of this study is the fact that the participants were all undergraduate students of science and engineering. Accordingly, the findings of the current study may not generalize to other groups of people including those with different ages or different educational backgrounds. This puts the external validity of this study into question. Random selection, on the other hand, was not feasible and the researchers were obliged to use convenience sampling; using intact classes of general English may jeopardize the internal validity of this study.
The findings of this study can contribute to the previous studies conducted regarding ambiguity and grammaticality judgment, in general, and provide a relatively precise comparison among the three main categories of the linguistic ambiguities, namely lexical, grouping, and functional ambiguities. Since ambiguities are a major source of miscommunication, especially among learners of a second or foreign language, it is important to educate learners about the ambiguities they may encounter. The results of the current study give us some reliable insights as to which kind of the three major ambiguities in English causes a heavier processing load for learners of English as a foreign language. This can be useful when it comes to educating English learners about ambiguities, and deciding which ambiguity warrants more focus and attention. 
